IMPORTANCE Bundled Payments for Care Improvement (BPCI) is a voluntary initiative of the Centers for Medicare & Medicaid Services to test the effect of holding an entity accountable for all services provided during an episode of care on episode payments and quality of care.
T he Centers for Medicare & Medicaid Services (CMS) launched the Bundled Payments for Care Improvement (BPCI) initiative in 2013 under the authority of the CMS Innovation Center to test whether linking payments for services provided during an episode of care can reduce Medicare payments, while maintaining or improving quality. 1 Hospitals, physician group practices, postacute care (PAC) providers such as skilled nursing facilities (SNFs) and home health agencies, and other entities were invited to participate in BPCI, which holds them accountable for Medicare payments for services provided during an episode of care triggered by a hospitalization. As with other alternative payment models, BPCI is designed to reward clinicians and facilities that deliver care more efficiently and effectively. 2 Participants were offered multiple structural options in the BPCI initiative, including 4 payment models and 48 clinical episodes. All clinicians and facilities continued to receive Medicare fee-for-service payments, but total episode payments were reconciled against a target price based on discounted, historical payments. When episode payments were below the target, participants were eligible for additional amounts; when payments were above the target, participants may have had to repay CMS. 3 
Methods
Federal common rule 4 provides an exemption from the institutional review board requirements when the purpose of the research is to study, evaluate, or otherwise examine a public benefit or service program. Contractors signed a data use agreement stating that all data were securely and solely used to study the BPCI initiative. Survey data collection was approved by the Abt Associates Institutional Review Board, which waived informed consent for respondents. This study includes only hospital participants in the payment model that encompassed all services during an index hospitalization and a 90-day postdischarge period for lower extremity joint replacement episodes initiated from October 1, 2013, to June 30, 2015. The payment model may provide the most extensive insights into the behavioral changes in response to bundled payments because it encompasses the acute care and PAC period. The combination of participant type, payment model, and clinical episode chosen for this study was the most prevalent combination during the study period. Lower extremity joint (primarily hip and knee) replacements are the most common Medicare inpatient surgical procedures, with more than 450 000 procedures costing more than $6 billion in acute hospitalizations in 2014. 5 
Data Sources
Medicare Part A and Part B enrollment and claims data from March 1, 2011 , to December 31, 2015, contained demographic and enrollment characteristics, diagnoses, and service use. These data were linked to create longitudinal beneficiary histories from 6 months before the hospitalization for the lower extremity joint replacement to 6 months after hospital discharge.
A mail survey was administered in 3 waves to 1500 beneficiaries hospitalized for a lower extremity joint replacement at a BPCI-participating hospital and 1500 beneficiaries with the same surgical procedure at a comparison hospital. The survey was mailed within 90 days after hospital discharge, with telephone follow-up. It collected satisfaction and selfreported change in functional outcomes. Most survey questions were from validated instruments (eg, the Continuity Assessment Record and Evaluation Item Set, National Health Interview Survey, and 36-Item Short Form Health Survey). New questions underwent cognitive testing with a small convenience sample of Medicare beneficiaries with recent hospital and PAC experience (eFigure 1 in the Supplement). Although the survey instrument consisted of questions that were adapted from validated surveys, the entire instrument was not tested for validity and reliability. Survey participants were asked to estimate their preoperative status at the same time as their postoperative status. Therefore, this part of the analysis should be viewed as exploratory.
BPCI Population
The BPCI population included Medicare fee-for-service beneficiaries with a qualifying surgical procedure, identified by Medicare severity diagnosis related group (MS-DRG) 469 or MS-DRG 470 at a BPCI-participating hospital from October 1, 2013, to June 30, 2015. Beneficiaries were included if they were continuously enrolled in Medicare Parts A and B, their Medicare eligibility was not owing to a diagnosis of end-stage renal disease, Medicare was not their secondary payer, and they were discharged alive from the hospital. For riskadjustment purposes, beneficiaries with less than 6 months of Medicare enrollment prior to the hospitalization were excluded from this analysis. All episodes were included regardless of the episode duration chosen by the hospital. During the 21-month study period, hospitals were subject to the intervention for approximately 10 months, on average, because hospitals joined the initiative from October 1, 2013, to April 1, 2015 . Hospitals participating in BPCI were excluded if they participated in BPCI for only 1 quarter because of their short exposure to BPCI or if they had fewer than 5 episodes in
Key Points
Question Is there an association between the Bundled Payments for Care Improvement (BPCI) initiative and Medicare payments and quality of care for lower extremity joint replacement episodes?
Findings This study used data from 2011 to 2015 to compare 31 700 lower extremity joint replacement episodes initiated at 176 BPCI-participating hospitals during the first 7 quarters of the initiative with matched episodes initiated at comparison hospitals. The BPCI initiative was associated with a significantly greater reduction in Medicare per-episode payments, with no decline in quality of care.
Meaning Although more research is needed, bundled payments for lower extremity joint replacement episodes may have the potential to decrease Medicare per-episode payments, while maintaining quality of care.
Comparison Population
The comparison population for the claims analysis was selected in 4 steps (Figure) . First, nonparticipating hospitals were excluded if they were owned by a BPCI-participating organization, preparing to join BPCI, or not paid under Medicare's inpatient prospective payment system. Hospitals were also excluded if they were located in a market in which more than half of BPCI-eligible discharges were from a BPCIparticipating hospital, to minimize downward bias due to potential spillover effects of the initiative. Second, using propensity scores, 6 each BPCI-participating hospital was matched with up to 15 comparison hospitals with a log odds propensity score absolute difference below a caliper of 0.515. The propensity score was based on market and hospital characteristics and baseline outcomes ( Table 1) . Only BPCIparticipating and comparison hospitals with propensity score values in both populations, the region of common support, were included. Third, beneficiaries who met the inclusion criteria were identified from the matched comparison hospitals. Fourth, a sample was drawn from among beneficiaries identified in the previous step to match the BPCI population in terms of distribution of MS-DRGs, presence of a lower joint fracture, and service dates. The survey comparison sample selection began with the hospitals identified in the first step. The hospital matching approach was abbreviated for the survey because of the need to send the survey quickly to minimize respondent recall bias. A sample of beneficiaries was randomly drawn from Medicare beneficiaries with a lower extremity joint replacement in comparison hospitals. The October 2014 and February 2015 samples were matched to BPCI beneficiaries on age and the size and teaching status of the hospital. The May 2015 sample was matched on MS-DRG, age, and hospital size.
Claims-Based Outcomes
Medicare-allowed payments, which include beneficiary cost sharing, and utilization were calculated for all services provided during the hospitalization and the 90-day postdischarge period. Medicare-allowed payments were also calculated for services provided during the 30 days before and 90 days after the episode to assess whether services were shifted outside the episode. Allowed payments were standardized to remove the effects of Medicare's geographic wage, teaching, and other payment adjustments and updated by an inflation factor to represent 2015 amounts (hereafter referred to as payments). Each hospital's lower extremity joint replacement admissions, 30-and 90-day unplanned readmissions, 30-and 90-day postdischarge 
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Step 2: each BPCI-participating hospital was matched with up to 15 comparison hospitals based on propensity score
Step 4: eligible beneficiaries at BPCI-participating hospitals were matched with beneficiaries at comparison hospitals based on Medicare severity diagnosis related group, presence of a lower extremity joint fracture, and service date
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Survey Outcomes
Survey respondents were asked to recall their ability to function in routine tasks before their surgery and on the day of the survey, and to report their satisfaction with treatment and recovery. Responses were used to create binary indicators of improvement or deterioration. Improvement was defined as having the highest recalled functional status prior to surgery and maintaining that status or as moving from a lower to higher functional status. Deterioration was defined as having the lowest recalled functional status before surgery and not improving or as moving from a higher to lower functional status. Binary indicators were also created for satisfac- BPCI-participating hospitals. Hospitals participating in BPCI were excluded if they participated in BPCI for only 1 quarter (n = 5) because of their short exposure to BPCI or if they had fewer than 5 episodes in 2011 (n = 2) because they had insufficient volume in the baseline period to generate outcomes for matching. One BPCI-participating hospital was excluded from the sample because it was not in the common support region of the propensity score. c Difference in means between BPCI-participating hospitals and nonparticipating but eligible hospitals is different from 0 at the 5% significance level. d The intern and resident to bed ratio is a measure of the size of the teaching program used in Medicare's teaching adjustment. e Disproportionate share percentage measures the proportion of inpatient days for low-income patients receiving Medicaid and Medicare. f The market is defined as the core-based statistical area of the hospital. 
Statistical Analysis Claims Analysis
The claims analysis relied on a difference-in-differences approach that quantified the associations with BPCI by comparing changes in outcomes between the baseline and intervention periods for the BPCI population with changes for the comparison population. This approach is used with the goal of minimizing biases from time-invariant differences between the BPCI and comparison populations and attempts to control for secular trends. 12 14 Statistical significance was assessed at the 5% level. Analyses were performed using Stata statistical software version 14.1 (StataCorp LP). Sensitivity analyses were conducted for payment and readmission outcomes using 5 sets of randomly drawn beneficiary samples from the comparison hospitals to ensure that results were not due to the random selection of episodes. The baseline period was extended to 2 years to test the sensitivity of the estimates to duration of the baseline period. To assess the robustness of the risk-adjustment models, multiple specifications were run varying the aggregation of clinical indicators (eTable 1 in the Supplement).
Survey Analysis
The associations of the intervention with change in functional status were estimated as the difference in the percentage change between the BPCI and comparison survey respondents. The associations of the intervention with satisfaction with care and recovery were estimated as the percentage difference between the BPCI and comparison respondents. Outcomes were risk adjusted using a regression model that accounted for age, sex, Medicaid eligibility, hierarchical condition category index, prior health care use, MS-DRG, presence of a lower joint fracture, the respondent's recalled functional status prior to lower extremity joint replacement surgery, and month of surgery. Survey results were weighted to adjust for sampling and nonresponse. Statistical significance was assessed at the 2-sided 5% level.
Results
The majority of BPCI-participating hospitals (158 of 184) chose episodes that extended for 90 days after discharge, which accounted for 84.3% of lower extremity joint replacement episodes; 1 hospital with 0.8% of the episodes chose 60-day episodes; and 25 hospitals with 15.0% of the episodes chose 30-day episodes.
Hospitals that participated in BPCI differed from those that did not (Table 1) . Compared with all eligible but nonparticipating hospitals prior to the start of the initiative, BPCIparticipating hospitals (n = 184) were more likely to be nonprofit, urban, part of a system, a teaching hospital, and larger. The BPCI-participating hospitals were located in markets that had larger populations, higher median incomes, and fewer SNF beds; were more likely to have an inpatient rehabilitation facility (IRF); and were more competitive, defined by a lower Herfindahl-Hirschman index. The BPCI-participating hospitals were less dependent on Medicare admissions that could be subject to bundled payments, as measured by the share of hospital admissions in the 48 BPCI clinical episodes. In BPCI-participating hospitals, patients undergoing lower extremity joint replacement prior to the initiative were less likely to be discharged directly home, more likely to be discharged to an IRF, and more likely to be readmitted to a hospital within 30 days of discharge than patients in nonparticipating hospitals. Medicare Part A payments for the hospitalization and the 90-day postdischarge period were not statistically different at baseline between BPCI-participating and nonparticipating hospitals.
Matched comparison hospitals were identified for 176 of the 184 BPCI-participating hospitals. The BPCIparticipating hospitals were excluded if they participated in BPCI for only 1 quarter (n = 5) or if they had fewer than 5 episodes in 2011 (n = 2). One BPCI-participating hospital was excluded from the sample because it was not in the common support region of the propensity score (eFigure 2 in the Supplement). The matched comparison hospitals were not statistically different from the BPCI-participating hospitals with respect to hospital and market characteristics (Table 1) . Lower extremity joint replacement patients in matched BPCIparticipating and comparison hospitals prior to the initiative were not statistically different in postdischarge site of service or in the level or trends in 30-day readmissions and Medicare payments for the hospitalization and 90-day postdischarge period (eTable 2 in the Supplement).
The BPCI-participating hospitals in the study sample (n = 176) had 29 441 lower extremity joint replacement episodes during the baseline year and 31 700 during the 21-month intervention period (mean [ discharges per quarter was not statistically significant (difference-in-differences estimate, 3.38; 95% CI, −2.4 to 9.2) (eTable 3 in the Supplement). For BPCI episodes, the mean Medicare payments for the hospitalization and 90-day postdischarge period were $30 551 (95% CI, $30 201 to $30 901) in the baseline period and declined by $3286 to $27 265 (95% CI, $26 838 to $27 692) in the intervention period. For comparison episodes, the mean Medicare payments were $30 057 (95% CI, $29 765 to $30 350) in the baseline period and declined by $2119 to $27 938 (95% CI, $27 639 to $28 237) in the intervention period. Payments declined by an estimated $1166 more (95% CI, −$1634 to −$699; P < .001) for the BPCI population than for the comparison population between the baseline and intervention periods. The larger payment reduction for the BPCI population was primarily due to reduced payments for institutional PAC. The SNF payments declined $546 more (95% CI, −$892 to −$199; P = .002) for the BPCI population than for the comparison population, and the IRF payments declined $445 more (95% CI, −$811 to −$79; P = .02) for the BPCI population.
Differential changes in utilization were consistent with the reductions in Medicare payments. During the baseline, 63.7% (95% CI, 61.4% to 65.9%) of BPCI episodes that included any PAC received institutional PAC (SNF, IRF, or long-term care hospital), compared with 53.2% (95% CI, 49.9% to 56.5%) during the intervention period ( Table 2 ). The decline in institutional PAC use for the BPCI population that used any PAC was 5.7% greater (95% CI, −9.2% to −2.2%; P = .001) than the decline for the comparison population (baseline: 61.2%; 95% CI, 59.2% to 63.1%; intervention: 56.4%; 95% CI, 54.3% to 58.5%). The index hospital length of stay declined 0.1 day more (95% CI, −0.2 to −0.0; P = .01) for the BPCI population than the comparison population.
There was no change in Medicare payments during the 30 days before or the 90 days after the episode for the BPCI population relative to the comparison population. Several indicators of patient severity were examined (Table 3) . There was no difference in the change from baseline to the intervention period in the mean number of hierarchical condition category indicators for the BPCI population relative to the comparison population, based on information from the 6 months prior to hospitalization. The proportion of the BPCI population that had a hospitalization, had an SNF stay, or used home health care during the 6 months prior to surgery declined more from the baseline to the intervention period than for the comparison group (hospitalization: −0.8%; 95% CI, −1.6% to −0.1%; P = .03; SNF stay: −0.5%; 95% CI, −1.0% to −0.0%; P = .04; and home health care: −1.3%; 95% CI, −2.0% to −0.6%; P < .001).
Claims-based measures did not indicate differences in quality of care between the BPCI and comparison populations. From baseline to the intervention period, there were no statistically significant differences between the BPCI and comparison populations in the change in 30-day unplanned readmissions (−0.1%; 95% CI, −0.6% to 0.4%), 90-day unplanned readmissions (−0.4%; 95% CI, −1.1% to 0.3%), 30-day emergency department visits (−0.1%; 95% CI, −0.7% to 0.5%), 90-day emergency department visits (0.2%; 95% CI, −0.6% to 1.0%), 30-day postdischarge mortality (−0.1%; 95% CI, −0.3% to 0.2%), and 90-day postdischarge mortality (−0.0%; 95% CI, −0.3% to 0.3%).
The results did not vary across sensitivity analyses. Reductions in Medicare payments remained significant across alternative comparison samples, duration of baseline periods, and risk adjustment specifications. Confidence intervals overlapped across specifications (eFigure 3 in the Supplement).
A total of 2193 surveys were completed by beneficiaries (1098 for the BPCI population, 1095 for the comparison population) who had a lower extremity joint replacement at a BPCIparticipating or comparison hospital, resulting in a 73% response rate (eTable 4 in the Supplement). The characteristics of the BPCI and comparison survey respondents were not significantly different, except that a higher proportion of BPCI respondents had obtained a college degree or greater (34.9% vs 29.9%; P = .02) and a lower proportion of BPCI respondents had a lower joint fracture (6.9% vs 10.3%; P = .01).
Although exploratory, survey results indicate that BPCI respondents reported greater improvements in mobility, physical and emotional problems, and pain and did not differ from the comparison group with respect to changes in other functional measures or satisfaction ( Table 4) . Among BPCI respondents, 65.1% reported improved ability to walk without resting from before their surgery to when they completed the survey, compared with 60.0% of the comparison respondents, for a difference of 5.1% (95% CI, 1.2% to 9.0%; P = .01). Similarly, 64.8% of BPCI respondents reported improved ability to walk up and down 12 stairs, compared with 58.3% of the comparison respondents, for a 6.6% difference (95% CI, 2.6% to 10.5%; P = .01). The BPCI respondents were more likely than the comparison respondents to report improvement in physical and emotional problems that limited social activities (75.8% vs 71.6%, respectively; difference, 4.2%; 95% CI, 0.5% to 7.9%; P = .03) and in pain that limited normal activities (80.3% vs 76.0%, respectively; difference, 4.3%; 95% CI, 0.9% to 7.7%; P = .01). Consistent with their better improvement in pain, fewer BPCI respondents than comparison respondents reported deterioration of pain limiting normal activities (7.5% vs 11.1%, respectively; difference, −3.6%; 95% CI, −6.2% to −1.0%; P =.01). There was no statistically significant difference between the 2 groups in reported improvement or deterioration in other physical or cognitive function measures or in satisfaction with treatment and recovery.
Discussion
Mean Medicare payments for a lower extremity joint replacement hospitalization and the 90-day postdischarge period declined $1166 more for Medicare beneficiaries with episodes initiated in a BPCI-participating hospital than for beneficiaries in a comparison hospital. The lower Medicare payments were primarily due to reduced use of institutional PAC. There was no evidence that the greater reduction in payments was due to shifting service use outside the episode period. Claims-based quality measures, including unplanned readmissions, emergency department visits, and mortality, were not statistically different between the BPCI and comparison populations. These findings are consistent with other research indicating that bundled payments can reduce payments for an episode of care. More limited experiments with bundled payments for lower extremity joint replacement have reduced average payments per case through shorter hospital stays and less PAC. 15, 16 Achieving lower payments by reducing institutional PAC is consistent with other research that suggests PAC use can be reduced or changed without adverse effects on recovery, there is little consensus on the appropriate setting for PAC, and current variation in PAC use may be due to factors other than differences in clinical needs. [17] [18] [19] Other research has also indicated that patients undergoing lower extremity joint replacement recover mobility better when discharged directly home, and institutional PAC is not associated with better functional recovery. 20 One concern about bundled payment approaches is that they may provide incentives to increase the number of episodes, particularly with less intensive patients, because of the opportunity for greater financial rewards. 21, 22 If more beneficiaries undergo a procedure, then total payments may increase even if per-episode payments decrease. Additional information about the volume of episodes in a market would be needed to determine whether the relative increase in episodes for BPCI-participating hospitals is indicative of generating additional episodes. Another concern about bundled payment approaches is that participants may select patients who would be less costly to treat. Although several indicators of patient complexity, such as mean number of hierarchical condition category indicators, did not differ between the BPCI and comparison populations, hospitalizations, SNF stays, and home health care use prior to the episode decreased for the BPCI population relative to the change for the comparison population. This could indicate that BPCI participants treated or sought a less costly mix of patients were weighted to adjust for sampling and nonresponse. Improvement in function was defined as having the highest recalled functional status prior to the surgery and maintaining that status or moving from a lower to higher functional status. Deterioration in function was defined as having the lowest recalled functional status prior to the surgery and maintaining that status or moving from a higher to lower functional status. Reference responses for beneficiary experience measures were not at all, slightly, and moderately satisfied. b Number of nonmissing responses for each measure. c Statistically significant difference at the 5% significance level.
Research Original Investigation
Medicare Bundled Payments and Care and Quality of Lower Extremity Joint Replacement the use of payment incentives to reduce spending for episodes of care, while maintaining or improving quality. The Centers for Medicare & Medicaid Services has successfully bundled payments for services delivered by a single facility (eg, acute care hospitals, home health agencies) through prospective payment systems and has tested linking the payments of hospitals and physicians for a few conditions. 23, 24 Other payers have also implemented limited bundled payment approaches. 25, 26 The BPCI initiative is more extensive than prior efforts because it tests bundling services across multiple types of facilities and clinicians over longer episode periods. The ongoing evaluation of BPCI will include more participants with more time under the initiative, as well as other clinical episodes, payment models, and types of participants, to increase understanding of the effects of alternative payment models that reward quality and value. 27 This observational study has limitations. The BPCI initiative is voluntary and the hospitals that chose to participate differ from other hospitals, precluding causal inferences and generalization of results. In April 2016, CMS began testing a mandatory model of bundled payments for lower extremity joint replacement episodes through the Comprehensive Care for Joint Replacement model, which will provide additional information about responses to bundled payment incentives from a more representative sample of hospitals. 28 Further, the study reflects the experience of only hospital participants and 1 clinical episode that is typically a scheduled procedure. 29 More information is needed before generalizing these results to other health care organizations or clinical episodes. The comparison population, used to infer counterfactual outcomes for the BPCI population, was selected based on hospital, Medicare enrollment, and claims data, which may not adequately account for all relevant patient or hospital differences. Performing statistical tests on multiple outcome measures increases the likelihood of falsely rejecting 1 null hypothesis (type I error) among the multiple measures. The standard errors were not adjusted to account for multiple comparisons. Because survey data were not collected before the BPCI initiative began, change in functional status relied on respondents' recalled functional status, although there was no reason to believe that recall bias differed between the BPCI and comparison populations. Individual survey items were adapted from previously validated sources, but the final survey instrument was not tested for validity and reliability. This study focused on changes in per-episode payments relative to a comparison group and did not account for the reconciliation amounts, so total savings to the Medicare program associated with bundled payments for lower extremity joint replacement episodes cannot be inferred from these results.
Conclusions
In the first 21 months of the BPCI initiative, Medicare payments declined more for lower extremity joint replacement episodes provided in BPCI-participating hospitals than in comparison hospitals, without a significant change in quality outcomes. Further studies are needed to assess longer-term follow-up as well as patterns for other types of clinical care. 
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